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Abstract

Background: European studies on determinants and factors associated with problematic smartphone use (PSU) in
children and adolescents are still sparse. This study reports the current amount of PSU symptoms and the presence
of (clinically relevant) PSU in German children and adolescents. We also investigated associations between socio-
demographic factors, different smartphone usage patterns, and daily smartphone usage time and the amount of PSU
symptoms in this group. In addition, associations of PSU symptoms and high smartphone usage times (> 2 h/day)
with behavioural problems, quality of life (QoL), and school performance were investigated.

Methods: Within the framework of the LIFE Child study, 564 children and adolescents aged 10-18 years provided
information on PSU symptoms (using the Smartphone Addiction Proneness Scale), daily smartphone usage time,
smartphone activities, behavioural strengths and difficulties (using the Strengths and Difficulties Questionnaire), QoL
(using the KIDSCREEN-27), and school performance. Multiple regression analyses were applied to assess associations.

Results: In the present sample, PSU was present in 13 children (2.3%). Older age, female gender, high daily smart-
phone usage time of > 2 h, and intensive smartphone use for social networking, gaming, or watching video clips
were significantly associated with more PSU symptoms. Children and adolescents reporting more PSU symptoms
also showed lower Qol, more behavioural difficulties, and poorer school performance, independently of age, gender,
socio-economic status, and daily smartphone usage time. In contrast, daily smartphone usage time per se showed
only weak or non-significant associations with these aspects of health and behaviour.

Conclusion: Intensive smartphone use for entertainment may increase the risk of developing PSU symptoms.
Furthermore, the results indicate that PSU symptoms (more than long smartphone usage times per se) are associated
with more behavioural difficulties and poorer QoL.

Keywords: Problematic smartphone use, PSU, Children, Behavioural addiction, Quality of life, Behavioural difficulties,
School performance

Background
Mobile media, especially smartphones, have revolution-
ized media behaviour. The smartphone is a core pos-
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own a smartphone, and 92% state that they use their
smartphone on a daily basis. On average, 12- to 19-year-
old children and adolescents in Germany spent around
205 min online per day, i.e., using the internet on differ-
ent media devices [5]. In recent years, it has become clear
that heavy Internet use, such as playing computer games
online or using social networks, can be associated with
symptoms similar to those of behavioural addictions such
as gambling [6—8]. Gaming Disorder has been included
as a diagnosis in the International Classifications of Dis-
eases and Related Health Problems (ICD-11) [9]. In the
Diagnostic and Statistical Manual of Mental Disorders
(DSM-5), Internet Gaming Disorder has been included
as a condition warranting further study [10]. As smart-
phones provide (unlimited) access to the Internet, con-
cerns about “smartphone addiction” have also arisen [6,
11]. However, the term “smartphone addiction” is con-
troversial and difficult to differentiate from other tech-
nology-related addictions (e.g., gaming disorder, internet
addiction). The smartphone is a physical object whose
features — portability, speed and privacy — might contrib-
ute to excessive use, loss of control, and other symptoms
typical of behavioural addiction. However, problems that
arise from smartphone use are likely to be related to the
nature of the activity, motivation, or gratification with
which it is used, not the smartphone per se [8]. Moreo-
ver, the characteristics of excessive smartphone use
might not sufficiently fulfill the criteria of an addiction.
Finally, “smartphone addiction” is not listed as a diag-
nosis in DSM or ICD. As recommended in a previous
review [8], we will therefore use the term “problematic
smartphone use” (PSU) instead of “smartphone addic-
tion” to refer to smartphone use associated with symp-
toms of behavioural addiction. By taking into account
symptoms of behavioural addiction, PSU can be distin-
guished from pure smartphone usage time, which disre-
gards these aspects. At the same time, previous studies
show strong associations between longer smartphone
usage times and PSU symptoms [12, 13], indicating that
excessive use may be at least a part of PSU. Several stud-
ies [14—16] have investigated associations between PSU
and socio-demographic parameters such as gender, age,
or socio-economic status (SES). Until now, there is disa-
greement about whether girls or boys are more likely to
exhibit PSU. Studies that specifically examined the influ-
ence of gender were unable to detect a difference between
sexes [14, 17]. However, Lee et. al and Park et. al showed
more problematic smartphone use in girls than in boys
[18, 19]. With older children having more frequent access
to smartphones [5], studies have shown that among chil-
dren and adolescents, an older age is associated with
more PSU symptoms [14, 20]. A family’s SES, usually
captured by parents’ education, income and occupation,
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has been shown to be associated with child health and
behaviour [21]. Regarding the use of electronic media,
previous studies have shown generally higher media use
in children and adolescents from lower compared to
higher social strata [16, 22, 23]. However, it is still unclear
whether the same trend can be observed regarding PSU,
i.e., a phenomenon characterized by more than just long
usage times. In a previous study, SES was not associated
with PSU, suggesting that PSU might occur in all social
strata [24]. Regarding possible associations between PSU
and children and adolescents’ health, previous studies
reported negative associations with psychological well-
being [25-27], mood [28], prosocial behaviour [29], peer
relations [29], and academic performance [30] as well
as positive associations with behavioural and emotional
problems [31]. For excessive smartphone use, i.e., long
usage times without considering symptoms of behav-
ioural addiction, associations with poorer sleep qual-
ity [32], bad mood [33], low psychological well-being
[34] and behavioural and emotional problems [35] were
observed. It is important to mention that most previ-
ous studies on PSU were performed in Asian countries
(especially South Korea [36]) and in older adolescents or
young adults [15, 17, 28]. They reported that a high num-
ber of adolescents (mean age 15.6 years) in South Korea
showed PSU (30.9%) [13]. However, the presence of PSU
or amount of PSU symptoms might differ between Euro-
pean and Asian children and adolescents and within
European countries as well, e.g., due to differences in
cultural norms or digitalisation. In Asian countries, it is
more difficult to freely socialize, which may contribute to
a higher smartphone usage [8]. Also, technology absorp-
tion is much more advanced in Asia compared to Europe.
For example, in 2015, South Korea had the highest smart-
phone ownership rate (88%) worldwide [13]. European
studies indicate a lower rate of PSU than in South Korea,
e.g., 9% in Spain [37] and 10% in the UK [38]. However,
a direct comparison of prevalence rates obtained in dif-
ferent studies is difficult because of differences in meth-
ods and instruments used. As exposure to and ownership
of smartphones among children and adolescents have
increased in Germany over the last few years [3, 5], it is
important to investigate PSU not only in older adoles-
cents, but also in children, as both groups experience
fundamental development challenges that affect them in
many ways (e.g., development of a self-concept and self-
awareness, recognition by peers and family members,
control of emotions, development of sexuality, and desire
for independence [39]). The first aim of the present study
was to determine the current presence of PSU in Ger-
man children and adolescents. We expected a number
similar to other European studies but lower than previ-
ously reported in Asian youth. Furthermore, we explored
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whether long smartphone usage times and specific smart-
phone usage patterns (e.g., intensive social networking or
intensive gaming) are associated with PSU symptoms.
Based on previous studies [12, 13], we expected signifi-
cant associations with long usage times and, in particular,
with intensive social networking [40, 41]. Another aim
was to investigate associations between PSU symptoms
and long smartphone usage times (on the one hand) and
socio-demographic factors such as age, sex, and SES (on
the other hand). In line with previous studies [18, 20],
we expected more PSU symptoms and longer smart-
phone usage times in older versus younger children and
in girls versus boys. With regard to SES, we assumed that
children and adolescents growing up in families with a
lower SES would report longer smartphone usage times.
Regarding PSU symptoms, we did not expect a difference
between social classes. Finally, we aimed to assess asso-
ciations between PSU symptoms and smartphone usage
times and QoL, behavioural difficulties and school per-
formance. We hypothesized positive associations with
behavioural difficulties and negative associations with
QoL and school performance. Given that PSU symptoms
are defined to consider symptoms of behavioural addic-
tion, we expected to observe stronger associations with
PSU than with mere smartphone usage time.

Methods

Participants

The analysed data were collected between 2018 and
2020 in the LIFE Child Study (LIFE — Leipzig Research
Center for Civilization Diseases, University of Leipzig)
[42, 43]. The LIFE Child study is a cohort study investi-
gating healthy child development and the development of
civilization diseases. Participants are mainly recruited via
advertisement at different institutions, such as hospitals
and public health centers. The first study visit takes place
when the child is between 0 and 16 years old, and subse-
quent visits are scheduled every year. The study program
consists of multiple examinations, tests and biological
samples conducted by trained study assistants, as well as
questionnaires that are completed by parents or the chil-
dren and adolescents themselves. Information relevant
to the present study was provided by 864 children and
adolescents at different study visits, resulting in a total
of 1537 completed questionnaires. If a child participated
in the study at more than one time point (»=673), only
the last visit was considered. Furthermore, all children
and adolescents not owning a smartphone were excluded
(n=65). Information on smartphone use, QoL, school
performance, behavioural difficulties, and SES was avail-
able for 564 of these children and adolescents, leading to
the final sample (287 male, 277 female, mean age =13.76,
age range=10-18). Informed written consent was
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provided by all parents and 18-year-old children before
inclusion in the study. The study was conducted in
accordance with the Declaration of Helsinki, and the
study protocol was approved by the Ethics Committee of
the University of Leipzig (Reg. No. 264—10-19,042,010).

Measures

Problematic smartphone use (PSU)

PSU symptoms were assessed using the German version
of the Smartphone Addiction Proneness Scale (SAPS)
[44]. This questionnaire was completed by the children
and adolescents themselves and consists of 15 items cap-
turing four subdomains (adaptation, virtual existence,
withdrawal, and control). Responses are given on a four-
point Likert scale ranging from 1 (no agreement) to 4
(full agreement). Scores on single items are summed up
to a total score ranging from 15 to 54, with higher scores
indicating more PSU symptoms. This score was used for
further analysis. The previously proposed cut-off of 42
was used to identify children showing (clinically) relevant
PSU [13]. In the present sample, Cronbach’s alpha for the
total score was 0.84. The validity of the SAPS has been
tested in other studies [44, 45].

Smartphone usage duration and intensive use of various
smartphone activities

Smartphone usage time was assessed in a self-report
questionnaire created by the authors that had already
been applied in other research projects [46, 47]. In this
questionnaire, children and adolescents are asked to
estimate the amount of time they use their smartphone
(online and offline) on a typical weekday and a typi-
cal weekend day. For each question, participants have
to choose the most appropriate of five response options
(never, approximately 30 min, 1-2 h, 3-4 h,>4 h).
For further analysis, the responses were transformed
into hours of daily smartphone use (0, 0.5, 1.5, 3.5, 5).
Responses to the four separate questions were com-
bined to create a new variable capturing daily smart-
phone usage time (((online-weekday + offline-weekday)
*5) + (online-weekend + offline-weekend) *2)/7). Finally,
all daily smartphone usage times longer than 2 h (>2 h/d)
were classified as high smartphone use. This cut-off was
chosen based on current recommendations to limit daily
screen time to a maximum of 2 h [4, 48, 49]. Shorter
usage times were classified as low/normal. The question-
naire on smartphone usage time also contains questions
on the frequency (never, sometimes, or often) of differ-
ent smartphone activities (watching video clips, play-
ing games, writing text messages, social networking,
searching for information). Engagement in an activity
was categorized as intensive if the participant reported
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performing the activity “often” and additionally reported
a “high” daily smartphone usage time.

Behavioural strengths and difficulties

The self-report version of the Strengths and Difficulties
Questionnaire (SDQ) was used to assess behavioural
strengths and difficulties [50, 51]. The five scales cover
the fields of prosocial behaviour, hyperactivity/inatten-
tion, emotional problems, conduct problems, and peer
relationship problems. Each scale consists of five ques-
tions. Answers are given on a three-point scale (0=not
true, 1=somewhat true, 2=certainly true). For each
scale, scores on the individual questions are summarized
into a sum score, with higher scores indicating more dif-
ficulties or — in the case of prosocial behaviour — more
strengths. These sum scores were used for further anal-
ysis. In the present sample, Cronbach's alpha was 0.66,
0.70, 0.73, 0.66 and 0.71 for the prosocial behaviour,
hyperactivity, emotional problems, conduct problems,
and peer relationship problems scales, respectively.

Quality of life (QoL)

QoL was assessed using the self-report version of the
KIDSCREEN-27 [52]. This questionnaire consists of
27 health-related questions in the areas of physical
well-being, psychological well-being, parent relation-
ship/home life, social support/peer relationships and
the school environment. Responses are given on a five-
point Likert scale. Scores on single items are summed
up into scale-specific sum scores. These sum scores are
then transformed into gender- and age-specific t-values
(mean =50, sd=20). These values were used for further
analysis. In the present sample, Cronbach's alpha was
0.79, 0.87, 0.80, 0.88, 0.82 for the physical well-being,
psychological well-being, parent relationship/home life,
social support/peers, and school environment scales,
respectively.

School performance

Information on school grades in the subjects German
(=language of instruction), mathematics, physical educa-
tion, and first foreign language were provided by children
and adolescents themselves. According to the German
grading system, a grade of 1 reflects top performance,
while 6 reflects the worst performance. For further analy-
sis, grades of 1-2 were categorized as “good” and grades
of 3—6 (of which 5 and 6 were rarely reported) were cat-
egorized as “poor”.

Socio-economic status (SES)

SES was captured by a composite score (adapted from
[53, 54]) considering the education (academic and pro-
fessional education) and occupational status of the
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participants’ mother and father as well as the monthly
household disposable income. Information was provided
by the participants’ parents. Scores range from 3 to 21,
with higher values reflecting a higher SES. Based on
cut-offs created in a representative sample for the Ger-
man population [55], these scores can be used to catego-
rize SES as either low (3-8.4 points), middle (8.5-15.4
points), or high (15.5-21 points). In a representative sam-
ple, the distribution of low, middle, and high SES should
be approximately 20%, 60%, and 20% [55].

Statistical analysis
The analyses were conducted using R 4.0.3. Associa-
tions between PSU symptoms (indicated by higher SAPS
scores) and daily smartphone usage times (high versus
low/normal) or intensive use of different smartphone
activities were assessed using linear regression analyses,
with PSU symptoms included as dependent variable.
Associations of PSU symptoms and long smartphone
usage times with socio-demographic parameters were
assessed using multiple linear or logistic regression
analyses. Age, gender and SES were included (simultane-
ously) as independent variables, and either PSU symp-
toms or daily smartphone usage time (high versus low/
normal) was included as dependent variable.
Associations of PSU and long smartphone usage times
with behavioural difficulties, QoL, and school perfor-
mance were assessed using linear or logistic regression
analyses. Behavioural difficulties (indicated by scores on
the individual SDQ scales), QoL (indicated by scores on
the individual KIDSCREEN-17 scales), or school perfor-
mance were included as dependent variables. In a first
step (simple regression analyses), we applied two separate
models, with either PSU symptoms or daily smartphone
use time as independent variable. In a next step (multi-
ple regression), both were included simultaneously in the
same model. All associations were adjusted for age, gen-
der and SES (as a continuous measure). A p-value <0.05
was considered to indicate a significant association. For
each regression model, we checked the model qual-
ity by visual inspection using different diagnostic plots
(residual plot vs. fitted and Q-Q-plot). The residuals were
independent of the fitted values, sufficiently normally dis-
tributed, and revealed sufficiently stable variance across
the full range of the dependent variable.

Results

Descriptive analysis

The majority of participants (n =340 (60%)) were catego-
rized to the middle SES group, 205 (36%) to the higher
SES group, and 19 (4%) to the lower SES group. Of the
564 children and adolescents analysed, 374 (66,3%)
reported a high daily smartphone usage time>2 h/d,
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while 7 =190 (33,7%) remained below this mark. The fre-
quencies of different smartphone activities are shown in
Table 1. Participants most frequently used their smart-
phones for social networking (n=277 (49%) intensive
usage). The mean total SAPS score was 27.8 (sd=6.23,
min.=15.0, max.=54.0), and 13 (2.3%) participants
scored higher than 42, indicating the presence of (clini-
cally relevant) PSU. In male participants, the mean SAPS
score was 26.9, and 1.74% showed (clinically relevant)
PSU. In female participants, the mean total SAPS score
was 28.7, and 2.88% reported (clinically relevant) PSU.

Associations of SAPS scores (PSU symptoms), daily
smartphone usage time and smartphone activities
Children and adolescents reporting that they used their
smartphone>2 h/d exhibited significantly higher SAPS
scores than children and adolescents reporting shorter
daily smartphone usage durations. (b=2.81, p<0.001,
see Table 1 and Fig. 1). Regarding different smartphone
activities, intensive gaming, intensive video watching,
and intensive social networking were significantly asso-
ciated with higher SAPS scores (b=2.39, 2.06, and 3.65,
respectively, all p<0.001). In contrast, intensive search-
ing for information or sending text messages (SMS) were
not significantly associated with higher SAPS scores (see
Table 1).

Associations of SAPS scores (PSU symptoms) and daily
smartphone usage time with age, gender and SES

Higher age was significantly associated with higher
SAPS scores (indicating more PSU symptoms; (b=0.56,
p<0.001)) and with smartphone usage times>2 h/d
(OR=1.35, p<0.001) (see Table 2). For 10-year-old chil-
dren, the likelihood of usage times>2 h/d was estimated
at 42%, compared to 89% in 18-year-olds. Similarly to an
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older age, female gender was significantly associated with
higher SAPS scores (b=1.89, p<0.001) and smartphone
usage times >2 h/d (OR=1.75, p<0.01). 75% of girls were
estimated to have a smartphone usage time >2 h/d, com-
pared to 63% of boys. Regarding SES, smartphone usage
times > 2 h/d were significantly more frequent in children
and adolescents with a lower familial SES (OR=0.83,
p<0.001). However, we did not find a significant associa-
tion between SES and PSU symptoms.

Associations of SAPS scores (PSU symptoms) and daily
smartphone usage time with SDQ scores (behavioural
difficulties)

The mean scores (+sd) on the different SDQ scales are
displayed in Table 3. In the simple regression analyses,
children and adolescents reporting higher SAPS scores
also reported higher SDQ scores on the hyperactivity,
emotional problems, conduct problems, and peer rela-
tionship problems scales, and lower scores on the proso-
cial behaviour scale (see Table 3). Smartphone usage
times>2 h/d were significantly associated with higher
scores on the emotional problems and conduct prob-
lems scales (both b=0.41, p<0.05 and p<0.01, respec-
tively), but not with scores on the other scales. In the
multiple regression analysis, all associations between
SAPS scores and scores on the SDQ scales remained sig-
nificant, whereas the associations with smartphone usage
times >2 h/d did not (see Table 3).

Associations of SAPS scores (PSU symptoms) and daily
smartphone usage time with KIDSCREEN-27 (Qol)

Mean scores (+sd) on the different scales of the KID-
SCREEN-27 are displayed in Table 4. The analyses
revealed significant associations between higher SAPS
scores and lower scores on all KIDSCREEN-27 scales

Table 1 Associations of high daily smartphone usage time (>2 h/d) and intensive use of different smartphone activities with SAPS

scores (PSU symptoms) (N=564)

dependent variable

Independent variables SAPS score (PSU symptoms)

high daily smartphone usage time n b Cl 95% B t p R? F
(>2h/d)
374 2.81 1.61 -4.00 0.20 461 <.001 0.08 <.001
intensive use of smartphone activities (frequent usage + high daily smartphone usage time)
social networking 277 3.65 2.50 -4.80 0.27 6.24 <.001 0.11 <.001
writing text messages 140 1.24 -0.03 -250 0.08 191 0.05 0.05 <.001
watching video clips 190 2.06 092-3.20 0.15 3.56 <.001 0.07 <.001
gaming 144 2.39 1.15-3.63 0.16 379 <.001 0.07 <.001
searching for information 94 1.25 -022-272 0.07 1.67 0.10 0.05 <.001

All associations are adjusted for gender, age, SES, b non-standardized regression coefficient; 8 standardized regression coefficient. Significant associations are

highlighted in bold
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(see Table 4). These associations remained significant in
the multiple regression analyses. In contrast, we observed
no significant associations between smartphone usage
times>2 h/d and the KIDSCREEN-27 scales in either the
simple or multiple regression analyses.

Associations of SAPS scores (PSU symptoms) and daily
smartphone usage time with school performance

The number and percentage of children and adolescents
exhibiting good performance in each school subject are
presented in Table 5. Both the simple and the multiple
regression showed that adolescents reporting higher
SAPS scores were significantly more likely to have poor
school grades in German (OR=1.04, p<0.01) and in
the first foreign language (OR=1.04, p<0.01). Associa-
tions with school grades in physical education and math-
ematics were significant in the simple (both OR=1.03,
p<0.05), but not the multiple regression analyses (see
Table 5). For children and adolescents with lower SAPS
scores (SAPS score of 22, 25T percentile), the likelihood

of poor school grades in German and the first foreign
language were 29% and 33%, compared to 38% and 42%
for children and adolescents with higher SAPS scores
(SAPS score of 32, 75" percentile). Smartphone usage
times>2 h/d, in contrast, were not significantly associ-
ated with school performance in either the simple or
multiple regression analysis (the only exception is a sig-
nificant association with physical education in the simple
regression) (see Table 5).

Discussion

In the present sample, more than half of participants
spent more than 2 h per day on their smartphone
and therefore exceeded the recommendation to limit
screen time to a maximum of 2 h per day [48, 49].
However, with only 2.3% of participants scoring above
the clinical cut-off of 42, the presence of (clinically rel-
evant) PSU was low. In a Korean adolescent sample
completing the same questionnaire, PSU was present
in 31% of participants [13]. Moreover, the amount of
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Table 2 Associations of age, gender, and SES with SAPS scores (PSU symptoms) and high smartphone usage time (>2 h/d) (N=564)

dependent variables

SAPS score (PSU symptoms) high daily
smartphone usage
time (>2 h/d)
independent variables n 564 n 564
age b 0.56 OR 1.35
C195% 0.28-0.84 C195% 1.22-1.50
] 0.16 p <.001
t 3.92
p <.001
gender(female) b 1.89 OR 1.75
Cl195% 0.81-296 Cl195% 1.19-255
B 0.14 p 0.004
t 345
P <.001
SES b -0.08 OR 0.83
Cl195% -0.25-0.09 C195% 0.78 -0.89
B -0.04 p <.001
t -0.93
p 0.35
R? 0.05
F <.001

bnon-standardized regression coefficient, 8 standardized regression coefficient, OR odds ratio. Significant associations are highlighted in bold

PSU symptoms was lower in the present (mean =27.8)
than in the Korean sample (mean =33.67) [13]). These
results confirm our expectations that PSU symptoms
are less frequent among German children and ado-
lescents than among their Asian peers. Possible rea-
sons are cultural differences and differences in the
digitalisation process [8]. Surprisingly, the amount of
PSU was also much lower than in previous European
studies (9% in Spain [37] and 10% in UK [38]) How-
ever, these studies used other measurement methods,
therefore, comparisons are only possible to a lim-
ited extent. High smartphone usage time was signifi-
cantly associated with more PSU symptoms, which is
in line with previous study findings [13, 36, 56] and
our hypothesis. With respect to different smartphone
activities, our findings suggest that intensive smart-
phone use for entertainment purposes (e.g., watch-
ing video clips, social networking or playing games),
unlike use for information-seeking or text messaging,
plays a major role in the development of addiction
symptoms. These findings are in agreement with our
assumptions and other studies, which also identified
social networking and gaming as predictors for PSU
[13, 41, 56]. This finding confirms the assumption that
social networking and playing computer games have
a particularly addictive potential, e.g., because these

activities strongly hook children’s and adolescents’
attention and increase the psychophysiological state
of arousal, e.g. due to the pleasure of playing or con-
stant social comparisons with others [14, 40, 41]. The
findings showed that among children and adolescents,
the amount of PSU symptoms increases with age. This
is in line with findings from other studies [14, 57] and
confirms our hypothesis. Increasing peer pressure
and “fear of missing out” (FOMO) might explain this
association [38, 58]. In line with our hypothesis and
previous studies, female gender was significantly asso-
ciated with PSU symptoms. This might be explained
by more intensive use of social networking sites in girls
[17, 59, 60]. As seen in our findings and other stud-
ies, social networking plays a major role in the devel-
opment of PSU symptoms [41]. In line with previous
studies on media use [16, 22, 23], we observed higher
daily smartphone usage times in children and adoles-
cents with lower SES. However, SES was not signifi-
cantly associated with PSU symptoms, indicating that
PSU symptoms occur in all social classes, as expected.
This finding suggests that other environmental and
personal factors might be more essential in predicting
PSU than social factors or factors related to the fam-
ily environment. Our analyses indicate that children
and adolescents who report more PSU symptoms also
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Table 3 Associations of SAPS scores (PSU symptoms) and high smartphone usage time (>2 h/d) with SDQ scores (behavioural

difficulties) (N=564)

behavioural difficulties represented by SDQ Scores

prosocial behaviour hyperactivity

emotional problems conduct problems peer

relationship
problems
Mean (sd) 7.83(1.74) 3.50(2.12) 2.30(2.21) 1.71(1.38) 2.14(1.68)
Simple Regression
SAPS score (PSU symptoms) b -0.05 0.11 0.11 0.06 0.03
Cl195% -0.07—-0.03 0.09-0.14 0.08-0.13 0.05-0.08 0.01-0.05
B -0.19 0.36 0.33 0.31 0.11
t -4.59 8.99 8.67 7.68 271
p <.001 <.001 <.001 <.001 0.007
R? 0.10 0.15 0.22 0.14 0.04
F <.001 <.001 <.001 <.001 <.001
high smartphone usage time b -0.19 0.39 0.41 0.41 0.19
(>2h/d) C195% -0.51-0.12 -0001-078  0.02-080 0.16 - 0.66 -0.12-0.50
B -0.05 0.09 0.09 0.14 0.05
t -1.21 1.96 2.08 3.19 1.19
] 0.22 0.05 0.04 0.001 0.23
R? 0.07 0.04 0.12 0.06 0.03
F <.001 <.001 <.001 <.001 0.004
Multiple Regression
SAPS score (PSU symptoms) b -0.05 0.11 0.11 0.06 0.03
Cl195% -0.07—-0.03 0.09-0.14 0.08-0.13 0.04-0.08 0.01-0.05
B -0.18 0.35 0.33 0.29 0.11
t -4.43 8.75 840 7.20 253
p <.001 <.001 <.001 <.001 0.01
high smartphone usage time b -0.06 0.07 0.11 0.23 0.1
(>2h/d) C195% -0.38-0.26 -030-044  -027-048 -001-048 2020 - 043
B -0.02 0.01 0.02 0.08 0.03
t -0.36 037 0.56 1.89 0.69
p 0.71 0.71 0.57 0.06 049
R? 0.10 0.16 0.22 0.14 0.04
F <.001 <.001 <.001 <.001 <.001

All associations are adjusted for gender, age, SES, b non-standardized regression coefficient, 8 standardized regression coefficient. Significant associations are

highlighted in bold

report more behavioural difficulties, a lower QoL, and
poorer school performance. All associations reached
statistical significance confirming our hypotheses.
Also, nearly all associations remained significant after
adjusting for the duration of participants’ daily smart-
phone use. The finding that PSU was associated with
both internalizing (emotional problems, peer-relation-
ship problems) and externalizing behavioural difficul-
ties (conduct problems and hyperactivity/inattention)
might be explained by different media activities related
to PSU. As shown in the present study, social net-
working but also playing computer games or watching
video clips showed the strongest associations with PSU

symptoms. In previous studies, social networking was
shown to be associated with internalizing behavioural
difficulties [29, 61], while intensive gaming was also
shown to be associated with externalizing behavioural
difficulties [62, 63]. In contrast to PSU symptoms,
the duration of smartphone use was only significantly
associated with emotional and conduct problems and
school performance in physical education. The analy-
ses revealed no significant associations with QoL or
performance in the other school subjects. This con-
tradicts other studies showing associations between
smartphone use (without considering PSU symptoms)
and psychological and behavioural problems [34, 64].
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Table 4 Associations of SAPS scores (PSU symptoms) and high smartphone usage time (>2 h/d) with KIDSCREEN-27 scores (Qol)

(N=564)

QoL represented by KIDSCREEN-27

physical well-being psychological parent social support/ peers school environment
well-being relation/
home life
Mean (sd) 52.39 (9.66) 51.10(10.10)  55.98(10.02) 53.17(11.16) 54.02 (9.63)
Simple Regression
SAPS score (PSU symptoms) b -0.39 -0.44 -0.40 -0.25 -0.5
(d] -0.51—-0.28 -0.56—-0.33 -0.52—-0.28 -039—-0.11 -0.61—-0.38
95% -0.27 -0.29 -0.27 -0.15 -0.34
B -6.77 -745 -6.54 -345 -8.49
t <.001 <.001 <.001 <.001 <.001
p 0.15 0.18 0.11 0.02 0.13
R? <.001 <.001 <.001 0.01 <.001
F
high smartphone usage time b -1.06 -1.10 -0.16 -0.30 -1.76
(>2h/d) a -280-068 290-070  -200-168  -240-180 -355-0.02
95% -0.05 -0.05 -0.01 -0.01 -0.09
B 120 -1.20 017 028 -1.94
t 0.23 0.23 0.86 0.78 0.05
P 0.08 0.10 0.05 0.001 0.03
RZ <001 <.001 <.001 0.98 0.001
F
Multiple Regression
SAPS score (PSU symptoms) b -0.39 -0.45 -0.42 -0.25 -0.49
cl -0.51—-0.28 -0.57--0.33 -0.54—-0.29 -040—-0.11 -0.61—-0.37
95% -0.27 -0.27 -0.27 -0.15 -0.34
B -6.64 -7.34 -6.63 -3.46 -8.24
t <.001 <.001 <.001 <.001 <.001
p
high smartphone usage time b 0.04 0.15 1.00 041 -0.38
(>2h/d) a  -167-175 160-191  -081-281  -171-253 -210-134
95% 0.002 0.05 0.05 0.02 -0.02
B 0.05 017 1.09 0.38 -043
T 0.96 0.86 0.28 0.70 0.66
p
R? 0.15 018 (OAN 0.02 0.13
F <.001 <.001 <.001 0.03 <.001

All associations are adjusted for gender, age, SES, b non-standardized regression coefficient, 8 standardized regression coefficient. Significant associations are

highlighted in bold

Taken together, our findings suggest that it is not dura-
tion of use per se, but lower daily functioning due to
smartphone use that is associated with behavioural
difficulties, lower QoL, and poorer school perfor-
mance. By the time adolescents realize that they have
lost control of their smartphone use, that they need
their smartphone to feel good, and that their smart-
phone use may affect their social life and their abil-
ity to concentrate on other things, they already show
behavioural or academic problems. These findings

support the displacement theory, which states that
high media usage displaces other activities, e.g., social,
physical, or academic activities, which might lead to
problems in these fields [29]. The exact causes of the
behavioural difficulties identified here needs to be
investigated in further studies. Possible reasons could
be violent or age-inappropriate content as well as peer
victimization or addictive behaviour towards social
networking sites [61]. Lower school satisfaction and
learning comprehension could also be explained by a
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Table 5 Associations of SAPS scores (PSU symptoms) and high smartphone usage time (> 2 h/d) with school performance (N=564)

school performance in

physical education German mathematics first foreign language
N (%) good 433 (77%) 360 (64%) 269 (48%) 343 (61%)
Simple regression
SAPS score (PSU symptoms) OR 1.03 1.04 1.03 1.04
Cl95% 1.004—1.07 1.01-1.07 1.001 -1.06 1.01-1.07
p 0.03 0.004 0.04 0.004
high smartphone usage time (> 2 h/d) OR 1.66 1.31 1.22 140
Cl95% 1.01-272 0.86 - 2.00 083-1.80 093-2.10
p 0.04 0.20 0.30 0.10
Multiple regression
SAPS score (PSU symptoms) OR 1.03 1.04 1.03 1.04
Cl95% 0.99 - 1.06 1.01-1.07 0.99 -1.05 1.01-1.07
p 0.06 0.007 0.06 0.01
high smartphone usage time (> 2 h/d) OR 1.52 1.17 1.14 126
Cl95% 092-252 0.76 - 1.81 0.77-1.69 083-1.92
P 0.10 046 0.51 0.27

All associations are adjusted for gender, age, SES; OR = odds ratio. Significant associations are highlighted in bold

decreased ability to concentrate due to PSU symptoms,
e.g. intensive engagement in social networking sites,
constant thoughts about one’s smartphone or FOMO
[65, 66]. However, it must be noted that causality is not
clearly established due to the cross-sectional nature of
the study.

Strength and limitations

The strengths of this study are its focus on smartphone
use in a large German sample of children and ado-
lescents, its distinction between PSU symptoms and
smartphone usage duration, and its consideration of
different smartphone activities. One limitation is the
high SES of the participating families and thereby the
underrepresentation of socially disadvantaged chil-
dren. This limits the sample’s representativeness. When
dividing daily smartphone usage time into "normal”
and "high", the 2 h recommended by current guide-
lines were taken as a benchmark, but it should be noted
that even a "normal" amount of screen time might not
necessarily be beneficial to health. Also, consider-
ing smartphone usage time alone does not take into
account what exactly children and adolescents do on
their smartphones. Other limitations are the cross-sec-
tional nature of the study, the use of self-report ques-
tionnaires as well as the fact that behavioural problems
and QoL were only recorded using (screening) ques-
tionnaires. We did not consider mental illnesses such as
depression, attention deficit disorder, or anxiety.

Conclusion

The study findings suggest that intensive smartphone
use for entertainment (especially social networking),
but not use for information-seeking, increases the risk
of developing PSU symptoms in children and adoles-
cents. Furthermore, the results indicate that PSU symp-
toms (more than long smartphone usage times per se)
are associated with a lower QoL, more behavioural dif-
ficulties, and poorer school performance. From first
use, children and adolescents should be made aware of
the potential dangers of high smartphone use and be
supported in developing and understanding of the dif-
ferent dependency risks lurking behind different user
behaviours. This might be achieved through school
education programs or training opportunities for par-
ents. Furthermore, smartphones should not be used to
solve or suppress (mental) problems. Initial PSU symp-
toms should be recognized and taken seriously.
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